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ABSTRACT 
This work presents a systematic study into the use of weak acid monolithic columns and 
moving pH boundaries for in-capillary solid-phase extraction – capillary electrophoresis.   
A new methacrylic porous polymer monolith was prepared via photoinitiated free 
radical polymerisation both in bulk and inside TeflonTM coated 75 μm i.d. x 365 μm o.d. 
capillaries. Bulk monoliths were used for characterisation, and it was found that the pore 
size properties of the monolith could be controlled from 1.4 m to 3 μm by variation of 
the monomer content. Comparison with thermally polymerised monoliths prepared 
using the same monomers, cross linker and porogens, had a much lower surface area, 6 
m2/g compared to 24 m2/g for the photoiniatiated monoliths. The physical and chemical 
characteristics of these porous polymer monoliths were measured by charge-coupled 
device camera, scanning electron microscopy, infra-red spectroscopy, BET surface area 
and titration experiments. In the case of scanning electron microscopy and charge-
coupled device camera the successful anchoring and morphology of the polymer 
monolith was confirmed. The scanning electron microscopy analysis of the porous 
polymer monolith also showed that the change in morphology is very small and cannot 
be detected by analogy of the images. The BET surface area of these porous polymer 
monoliths ranged 12-24 m2/g. The carboxylic acid functionality in both polymer 
solutions and final polymer were confirmed by IR at 3500 and 1720 cm-1 for vC=O and 
vOH respectively. The carboxylic acid group was further confirmed by titration of the 
bulk monolith and the pKa typical of a carboxylic group on solid surface at 4.3.    
This methacrylic acid monolith was fabricated inside capillaries and used for in-line 
solid-phase extraction-capillary electrophoresis. The advantage of having the solid phase 
extraction within the separation device was exploited to enable in-capillary 
preconcentration of neurotransmitters via ion-exchange interactions. A new elution 
method, namely the use of an electroosmotic flow mobilised pH step gradient, was 
introduced to protonate the monolith and was shown to efficiently elute the analytes 
from the preconcentration monolith. Due to the discontinuous nature of the electrolyte 
system, analytes were simultaneously eluted and focused as the electrophoretically 
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mobilised pH step boundary traversed past the monolith, after which the analytes were 
separated according to their electrophoretic mobilities in the open section of the 
capillary. A fundamental study of the generation and implementation of the pH step was 
undertaken using dopamine and epinephrine as test analytes. Optimisation of the pH and 
concentration of binding electrolyte established best adsorption using 6 mM phosphate 
at pH 7, containing 12 mM sodium ion, which is above the pka of the monolith but 
below the pka of the analytes. Optimisation of the elution electrolyte yielded the best 
results when 12 mM phosphate pH 3, containing 12 mM sodium ion was used. Under 
these optimum conditions the sensitivity of simple neurotransmitters could be improved 
by over 500 times that of a normal hydrodynamic injection in CE. The analytical 
potential of the developed solid-phase extraction-capillary electrophoresis method was 
demonstrated with the detection of dopamine in a 3 times diluted urine sample from a 
healthy volunteer. 
The selectivity of the solid-phase extraction device was also tested with analytes having 
differing pKa values. A series of weak bases, namely imidazole, benzylamine, lutidine 
and 3-phenylpropanamine, with pKa values ranging from 6 to 10 were selected to 
examine the ability of the solid-phase extraction monolith to selectively elute and 
concentrate these weak bases. This was demonstrated by performing pH selective 
extraction, in which a pH was selected at which only certain analytes were extracted, 
and pH selective removal, in which unwanted analytes were removed after extraction 
and prior to the separation. In addition, four different electrolytes containing phosphate, 
formate, acetate or citrate were tested. Acetate was found to give the narrowest peak 
width when measured at base, using benzylamine as analyte. After optimisation of the 
conditions necessary for maximum focusing 44 mM acetate pH 6 and 3 mM acetate pH 
3 were found as the optimum providing a peak width of 1.5 s. Using the optimum 
conditions  a 0.25 μg/ml test mixture of imidazole (pKa 6.99) , lutidine (pKa 6.63) and 
3-phenylpropanamine (pKa 10.28) was introduced at pH 6. pH selective removal was 
achieved by hydrodynamically introducing an acetate electrolyte at pH 9 containing 
60% acetonitrile successfully removing both imidazole and lutidine, prior to applying 
the electroosmotic flow mobilised pH step and separation which successfully confirmed 
the presence of only phenylpropanamine. The versatility of this approach was 
xiv 
 
investigated further by performing pH selective extraction where the test mixture this 
time was loaded in the pH 9 electrolyte containing similar amount of organic modifier, 
successfully extracting only phenylpropanamine in the presence of imidazole and 
lutidine. The overall recoveries obtained using both this approaches were ranging 60% 
to 110%, indicating the applicability of this approaches for analytical purposes.  
Finally, one of the main limitations of methacrylate-based monoliths, namely their low 
surface area, has been examined by templating the monoliths during polymerisation with 
80 nm silica nanoparticles, which are subsequently removed by dissolving with sodium 
hydroxide. On varying the amount of silica nanoparticles in the polymer solution and 
etching time the overall capacity of the polymer monolith could be increased by 16 
times when compared to the original monolith. When used for solid-phase extraction, 
this enabled higher loading times which translated to a reduction in the detection limits 
by up to 1900 times compared to a normal injection in CE. The potential of this 
increased capacity was demonstrated by direct loading of raw samples from biological 
(urine), environmental and food, without any pretreatment. 
 
 
 
 
 
